cementitious value but in presence of moisture it reacts chemically and form cementitious compounds and attribute to the improvement of strength and compressibility properties of soils. Silica is the main constituent of saw dust ash (SDA), which oversees the reactivity of the ash. The compounds of silicon account for the maximum amount as eight seven of earth's-crust, and silica is that the major component of soil [4] . The technology of construction is subjected to modifications to overcome the ever changing transport pattern, materials for the building and sub-grade environments. Mostly pavement failures may be attributed to existence of pure sub-grade conditions and costly sub-grade is one such challenging state [5] . A number of researchers have studied the physical and chemical properties of SDA. Elinwa et al. [6, 7] found that SDA can be used in combination with metalkaolin as a ternary blend to act as an admixture in concrete. Mageswari and Vidivelli [8] study the use of SDA as fine aggregate replacement in concrete by replacing sand with 5-30 % of SDA and found similar results as obtained with sand. The studies of Elinwa and Abdulkadir [9] confirmed SDA as posolinic material and reducing porosity as well as being effective in reducing corrosion of reinforcement. Recent studies by Ettu et al. [10] have confirmed the suitability of Nigerian SDA as pozzolanic material for producing concrete, sandcrete or soilcrete. Otoko and Honest [11] carried research on stabilization of Nigerian deltaic laterites with SDA. Okunada carried the research on the effect of wood ash and sawdust ash admixtures on the engineering properties of burent lateritic-clay bricks. The high percentage of siliceous material present in the SDA indicates that it has pozzolanic properties. The normal method of conversion of Saw Dust to ash is by incineration. The characteristics of SDA depends on whether the saw dust have gone complete combustion or have been partially burnt.
In order to achieve the need of improvement in the geotechnical properties of clayey soil and make use of industrial wastes, the present experimental study has been carried out. Also the purpose of this study is to determine the effect of SDA stabilizer on geotechnical properties of clayey soils. This will encourage the use of SDA as stabilizer in road construction.
Methods

Soil
The soil used in the present investigation was obtained about 1.25 m deep underground in site. The soil was clayey in nature and brought from local area of Rajouri J&K India. All the indispensable physical and mechanical properties were determined as per the relevant standard tests (IS: 2720). The physical properties are given in Table 1 .
Saw dust ash (SDA)
The Saw dust was collected from local Saw mill in Industrial area, Kheora Rajouri @ Rs 2 per kg. The saw dust collected was obtained from sawing of deodar and kail wood. Saw dust is actually by-products of sawmills generated by sawing timber. It is the loose particles or wood chippings obtained by sawing wood into useable sizes. After collection, clean saw dust not having much bark and so not much organic content was air dried and burnt at the room temperature. The SDA was then sieved through 600 micron sieves to remove the lumps, gravels, unburnt particles and other materials which are deleterious to soil. The SDA passing through 600 microns sieve was used for the laboratory work. Table 2 .
Laboratory studies
The laboratory studies were carried out on the samples of clayey soil and soil with different percentages of SDA Table 3 .
i. Liquid limit and plastic limit Liquid limit and plastic limit tests were conducted on soil samples mixed with different percentages of SDA as 0, 4, 8, 12 % as per the procedures laid down in IS: 2720, Part V, 1985 reaffirmed 1995 [12] . ii. Compaction proctor test The mould of capacity 1000 ml with an internal diameter of 100 mm and height 127.3 mm was used. Compaction Proctor tests were conducted height of 76 mm prepared using remoulded samples were used for the test. The curing period for the samples was 7 days, and three specimens were tested for each case.
The tests were conducted as per IS: 2720 Part 10, 1991 [14] . All the samples were prepared by static compaction using split mould at optimum moisture content (OMC) and at maximum dry density (MDD). iv. California bearing ratio test California bearing ratio (CBR) tests were carried out as per IS: 2720, Part 16, 1987 reaffirmed 1997 [15] . The tests were conducted at optimum moisture content and samples were tested in unsoaked conditions. The mould for placing the CBR sample has inner diameter of 150 mm and height 175 mm, and were kept for curing in moist sand for 7 days before testing.
Results and discussion
Consistency limits
The variation in consistency limits with SDA content (%) is shown in Fig. 4 . As seen from the figure both liquid limit and plastic limit increases with increase in SDA content. This may be considered to be a result of addition of SDA, which has higher water absorption affinity.
Compaction characteristics
The variation in maximum dry density and optimum moisture content with SDA content (%) is shown in Figs. 5 and 6 respectively. The maximum dry density decreases with increase in SDA content. However, the optimum moisture content increases with increase in SDA content up to 8 % and the decreases. A decrease in the dry unit weight may be due to the lower specific gravity of the SDA, while an increase in the optimum moisture content may be as a result of water needed to be hydrated.
California bearing ratio
The CBR method has been found most reliable practical means of finding the strength of the sub-grade (bearing capacity of soil) and evaluating the required thickness of pavement to satisfy a given loading. CBR is a measure of resistance to direct penetration (load carrying capacity) of any soil which is expressed as a percentage of the load carrying capacity of the standard crushed rock specimens (which is taken as 100 % value) determined by penetration test. In the present investigation, an attempt was made to conduct CBR tests on soil stabilized with different proportions of SDA. Figure 7 shows the results of the CBR tests for the stabilized soil. As seen, CBR values of stabilized soil was improved significantly which is beneficial for the construction of the road pavements. The Asphalt Institute [16] recommended a CBR value of 7-20 % for Highway sub-base and 0-7 % for the sub-grade materials. Based on this the soil stabilized with SDA can be used as a sub-base material for the construction of Highway pavements. The Fig. 8 shows the variation of CBR with SDA content. The increase in the CBR may be due to the pozzolanic effect of SDA, and decrease after optimum value is attributed to the low strength exhibited by the SDA.
Unconfined compressive strength
Unconfined compression strength test is the most common, popular and adoptable method of evaluating the strength of cohesive and stabilized soils. This test may be considered as a special case of triaxial compression test when the lateral confining pressure is equal to zero. It is the main test recommended for the determination of the required amount of additive to be used in stabilization of the soils. As a general rule, for a given type of stabilization, higher the compressive strength, the better is the quality of the stabilized material. The stress-strain curve for all the samples is shown in the Fig. 9 The variation in unconfined compressive strength with SDA content is shown in Fig. 10 . Unconfined compressive strength increases from 248 to 313.14 KN/m 2 on addition of 4 % SDA which is taken as optimum. The increase in strength may be due to the pozzolanic reactions of SDA to form the cementious products between the CaOH present in the soil and the Pozzolana present in SDA. Whereas, the strength decreases to 184.428 and 182 KN/m 2 on addition of 8 and 12 % SDA respectively. This is due to the low strength of the SDA which consequently occupies within the sample. When excess SDA is introduced to the soil it forms weak bonds between the soil and the cementious compounds formed. According to Das [17] , consistency of a clayey soil can be deter- 
Conclusions
1. Liquid limit, plastic limit, plasticity index, specific gravity, un-soaked CBR and unconfined compressive strength of the stabilized soils were optimally improved by adding SDA. 2. With increase in SDA content a general reduction in maximum dry unit weight was observed. The optimum moisture content (OMC) shows increase with increase in SDA content. 3. The CBR value increases by 103.11 % and unconfined compressive strength increases by 26.35 at 4 % SDA content which is taken as optimum. 4. This investigation has discovered that SDA acceptably acts as a cheap stabilizing material for sub-grade and sub-base purposes in clayey soils.
Thus it is concluded that SDA is a satisfactory stabilizing agent for clayey soils. The utilization of the industrial wastes like SDA is an alternative to reduce construction cost of the roads particularly in the rural areas of developing countries like India.
